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ABSTRACT 
Efficacy of Denning in Alleviating Coyote 
Depreda:ions upon Domestic Sheep 
by 
James A. Till, Master of Science 
Utah State University, 1982 
Major Professor: Frederick F. Knowlton 
Department: Wildlife Science 
Bands of domestic sheep lambing on the open range in 
south central Wyoming were monitored for predator losses prior to 
and following coyote (Canis ·1atrans) removals. Experimental 
treatments, including 1) no removal (control), 2) removal of 2 
adults and their pups, and 3) removal of pups only, were 
replicated 15 times each. Number of predation incidents (events) 
was reduced 98.2% by removing adults and pups. The number of 
sheep killed was reduced by 98.8%. Removing only litters of pups 
resulted in a decrease of 87.7% 
total kills decreased 91.6%. 
in predation incidents, while 
Overall, 23 of 30 predation 
sequences terminated immediately, while in all cases predation 
ceased within 3 days after re1novi ng adult coyotes and/or their 
pups. In tenns of "offending individuals", denning can be a very 
selective means of coyote depredation control. The data suggest 
vi 
that removing only litters of offending adults can be nearly as 
effective in stopping losses as removing the adults. Biological 
parameters such as litter size did not appear to influence kill 
frequencies. A cost-effectiveness analysis was calculated. 
vii 
(4~ pages) 
INTRODUCTION 
Depredations by coyotes (Canis latrans) upon domestic 
sheep result in greater losses of domestic livestock than any 
other predator-domestic prey interaction in the western United 
States (Balser 1974). Although several predator damage control 
techniques used to curtail or alleviate such losses have been 
subjectively ranked with regard to efficiency, selectivity and 
other factors (U.S. Fish and Wildlife Service 1978a), there is 
little quantitative data concerning the efficacy of any method. 
A critical response (Western Regional Coordinating Committee 
1980) to a recent policy change on predator control (Andrus 1979) 
accentuates the need for objective evaluation of various coyote 
control methods. This study attempted to determine the efficacy 
of "denning 11 , the practice of seeking out the dens of depredating 
coyotes and destroying the young and/or adults, in stopping 
depredations upon sheep. 
Denning has been criticized for being "unselective" in 
tenns of individual animals (Defenders of Wildlife 1978, Sierra 
Club 1978, The Humane Society 1978) and removal of individuals 
that obviously are not responsible for depredations. Other 
critics maintain that denning is solely a means of coyote 
population reduction (Gier 1968). 
On the other hand, experienced predator control field 
personnel claim that denning can be a selective method for 
resolving specific depredation situations. Anderson (1969), 
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among others, believes predation should cease when pups are found 
and destroyed. Royama (1970) stated that adult predators may 
attempt to maximize hunting efficiency while feeding young. This 
strategy may be used by coyotes provisioning pups. If so, 
removing pups and their attendant energy demands may reduce or 
eliminate depredations. Conceivably, predation upon domestic 
sheep by adult coyotes can be influenced by an indirect means, 
(i.e. removal of litters) as opposed to removal of the adults 
actually killing sheep. Absence of quantitative data leaves 
these questions unanswered. 
The Cain Committee (1972) recommended cost-benefit 
analyses of predator control methods, stating such information 
was yet to be collected. Since most depredation control programs 
consist of several methods applied simultaneously, the effect in 
damage reduction and the measurement of prevented damage 
following application of a single control method is difficult to 
determine (U.S. Fish and Wildlife Service 1978a). However, 
because no other control methods were in effect during this 
study, except winter removal for fur, the opportunity was present 
to measure the cost and effectiveness of denning alone. 
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METHODS 
Study Area 
Field work was conducted in south central Wyoming during 
April, May and June of 1980 and 1981. Research efforts were 
concentrated in the eastern half of Carbon County, a major sheep 
producing area. The study area averages 2,000 min elevation, 
with dominant vegetation consisting of big sagebrush (Artemisia 
tridentata) and western wheatgrass (Agropyron smithii). 
Approximately 20,000 sheep are lambed on the open range with 
Basque and Mexican sheepherders in attendance. Spring lambing 
range is utilized until late June, when sheep are moved onto 
mountain summer range. Lambs are generally shipped in late 
September or October. Topography, vegetation, climate and sheep 
husbandry practices have been described by Tigner and Larson 
(1977). 
Data Collection 
In the course of normal duties, sheepherders noted and 
reported sheep killed by coyotes. I did not assist in efforts to 
locate dead sheep, thereby assuring that monitoring intensity 
would be relatively constant throughout each trial. 
Consequently, numbers of sheep killed and reported must be 
considered minimal. Upon receiving a report of sheep killed by 
coyotes, I went to the area, examined all carcasses and conducted 
necropsies to verify the cause of death. Puncture wounds with 
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attendant hemmorhaging were used as evidence of predation (Rowley 
1970, Bowns 1976). To meet test conditions, a threshold of 
predation defined as 3 sheep killed in at least 2 incidents 
during 1 week was required. If this threshold was attained, and 
other predator control methods were not in effect (nor 
anticipated), the particular band of sheep was considered for 
study purposes. 
Once test conditions were met, 1 of 3 treatments was 
instituted (1) no coyote removal effected, to serve as a 
control; (2) removal of 11offending 11 adult coyotes (individuals 
killing sheep) and their litter; and (3) removal of the complete 
litter but leaving the depredating adults. Each treatment was 
replicated 15 times. Each trial consisted of 3 distinct but 
consecutive phases: monitoring sheep losses during a 
pretreatment period, randomly choosing and applying 1 of the 3 
treatments, usually taking a day to effect in case of treatments 
2 or 3, and finally, monitoring depredations for 7 days following 
completion of a treatment to conclude each trial. Several 
incomplete treatments (removal of 1 adult and pups, or removal of 
adults only) also occurred in 1980. 
Efficacy was assessed on the basis of changes in both the 
number of depredation incidents and the number of sheep killed in 
the week after treatment compared to the week preceeding. 
Kruskall-Wallis, Wilcoxson Signed Rank and Wilcoxson Rank Sum 
tests were used to compare number of incidents, number of kills 
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and cranges in each as a result of treatments. 
Coyote dens were located by tracking adult coyotes away 
from sheep kills (Young and Dobyns 1945). Pups were destroyed in 
the dens with a fumigant described by Tigner and Larson (U.S. 
Fish and Wildlife Service 1978b). Adult coyotes were shot at or 
near the den sites when the treatment required. In no-removal 
trials (controls), dens were not approached or disturbed. 
Biological data was recorded on coyotes collected during 
the study in an attempt to relate various biological parameters 
to de~ edation frequencies. Den sites were plotted on a map for 
density determination as well as den locations in relation to 
deprec:13.tion areas. Following fumigation, dens were excavated and 
pups Here counted and weighed. Age was estimated by tooth 
eruptiJn patterns (Bekoff and Jameison 1975). A thorough search 
was m1de of the den area for animal remains. Adult coyotes were 
weighej with a spring balance and age assessed by means of tooth 
wear 'Gier 1968). Adult stomach samples were analysed in the 
field )Y ocular estimate. 
Cost-b~nefit Analysis 
A generalized cost - effectiveness analysis was calculated 
based on field seasons combined. Assumptions for this analysis 
were : 
1) The monitoring intensity did not change during pre and 
posttr eatment periods. Therefore, the proportion of sheep 
actual ·y killed by coyotes that were located is probably the same 
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pre and posttreatment. 
2) The number of sheep killed pretreatment in the removal 
treatments accurately reflects the number that would have been 
killed had treatments not been applied. This assumption is 
supported by the kills documented in the control treatment. 
3) The wages, expenses and field time of personnel are 
reasonable for this region. 
4) The number of sheep saved does not necessarily 
represent the absolute number that would be sold as 100 lb fat 
lambs in the fall. Low over-summer mortality is expected; 
however, I feel that this level of mortality is insignificant 
compared to the number of lambs killed by coyotes and not located 
during the experiment. In addition, all surviving lambs will not 
weigh 100 lbs at shipping, and depending on various factors, a 
certain proportion of ewe lambs will be kept as replacements. I 
feel it is reasonable to use these conservative loss figures as a 
baseline for calculating at what point a denning program may 
become cost-effective. 
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RESULTS 
During the 2 field seasons, 55 individual trials were 
documented (Table 1). There were 15 in each of the 3 treatments, 
plus 10 trials from incomplete treatments. 
Predation patterns varied considerably among trials, but 
the no removal (control) treatment tested the validity of the 
test procedure of comparing kill rates in the pretreatment and 
posttreatment periods. A change in number of sheep killed 
provides 1 measure of treatment efficacy. Number of kills may be 
influenced by a variety of factors, whereas the number of 
predation incidents (events) is probably more closely related to 
depredation beliavior (or lack thereof) exhibited by coyotes. In 
the no removal (control) treatment, the change from pre t o 
posttreatment was -4.2 % for both incidents and kills. No 
difference (T=9, n=6, p<0.05) could be detected between the 
number of incidents pre and posttreatment. Number of kills 
observed pretreatment was not different (T=34, n=l2, p<0.01) than 
number of kills observed posttreatment. In addition, no 
l. differences (X =6.8877, df=3, p<0.05) could be shown in total 
incidents, or in total kills (X2=2.5538, df=3, p<0.05) between 
pre and posttreatment periods of the no removal (control) 
treatment and pretreatment periods of the removal treatments 
(Figure 1). 
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Table 1. Numbers of depredation incidents, sheep killed and percent 
change in the 7 days before and after each of 5 coyote removal treatments, 
1980 and 1981. 
Number of Depredation Incidents 
Pretreatment oer iod Posttreatment period 
Treatment ~ tota 1 !...Li:..Q.,_ range tota 1 ~ r,"ge 
percent 
decrease 
~ coyotes removed 15 48 3.2 1 0.9 2-5 46 3.1 1 1.1 2-5 4.2 
(control) 
Remove pups and 2 adults 15 56 3.7 1 1.0 3-6 0.1 t 0.3 0-1 98.2 
Remove pups and 1 adult 5 12 2.4 ! 0.6 2-3 2 0.4 ! 0.6 0-1 83.3 
Remove 2 adults only 5 19 3.8 ! 0.8 3-5 0 D 0 100.0 
Remove pups only 15 57 3.8 ! 0.8 2-5 7 0.5 t 0.5 0-1 87.7 
Tota 1 s 
(remova 1 treatments) 40 144 3.6 1 0.9 2-6 10 0.3 t 0.4 0-1 93.1 
Nunt>er of Sheep Killed 
Pretreatment pe-r1od Posttreatment period 
Treatment ~ toul x t s.o. range f ! s.u. 
percent 
total range decrease 
No coyotes removed 15 72 4.8 ! 1.6 2-7 69 4.6 t 2.1 2-9 4.2 
(contl'Ol) 
Remove pups and 2 adults 15 80 5. 3 t 2.2 3-9 0.1 t 0.3 0-1 98.8 
Remove pups and 1 adult 5 13 J .6 ! 0. 9 2-4 2 0.4 t 0.6 0-1 84 .6 
R....ove 2 •dults only 5 28 5. 6 t 2 . 3 3-8 0 0 0 100 . 0 
Remove pups only 15 83 5. 5 t 1.6 3-9 7 0.5 t 0.5 0-1 91.6 
Totals 
(remova 1 treatments) 40 204 5.1 ! 2. 0 2-9 10 0. 3 t 0.4 0-1 95.1 
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Numbers of pretreatment incidents among all treatments 
were similar (T=37, n=l2, p<0.01), as were the numbers of kills 
observed (T=35.5, n=l2, p<0.01). Since removal treatments were 
initial ly similar, one might expect similar results following 
treatment application. 
ln trials where adults and pups were removed, the number 
of post treatment depredation incidents was reduced 98.2% from 
pretreatment levels (Table 1). The number of posttreatment 
indidents (x=O.l) was different (z=4.9804, p<0.001) than the 
number cf pretreatment incidents (x=3.7). Following removal of 
adults and pups, the number of kills observed declined 98.8%. 
The nurrber of posttreatment kills (x=O.l) was different 
(z=4.9336, p<0.001) from number of kills observed pretreatment 
(x=5.3). In the 15 trials, only 1 kill was recorded following 
removal of adults and pups. In this case, 9 lambs were killed in 
the pretreatment period, and 1 lamb was killed the day after the 
presumed offending pair and their pups were removed. 
Since denning per se is usually considered a process of 
removing only pups (U.S. Fish and Wildlife Service 1978a), and 
since adJlt coyotes are often difficult to capture, even at den 
sites, an important aspect of this study was to determine if 
removing litters of pups only would influence the killing 
behavior of their parents. Depredation incidents were reduced 
87.7% fol lowing removal of pups only (Table 1). Among the 15 
trials, the number of posttreatment indidents (x=0.5) differed 
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significantly (~=4.8102, p<0.001) from the number of pretreatment 
incidents (x=3.8) and the number of kills observed pretreatment 
(x=5.5) was reduced 91.6% and was significantly different 
(z=4.7544, p<0.001) than the number of posttreatment kills 
(x=0.5) in trials where only litters were removed. 
In 8 of 15 trials (53.3%), killing stopped immediately 
solely upon the removal of the pups of offending adults. In the 
other 7 trials (46.7 %), 1 additional depredation occurred during 
the first 3 days after removal of litters (Table 2). No 
depredations were reported during days 4 through 7 posttreatment. 
In comparing removal treatments, the most meaningful 
behavioral statistic probably is the change in the number of 
incidents pre to posttreatment (i.e. number of incidents 
posttreatment minus number of incidents pretreatment). There was 
no difference (z=0.5702, p<0.001) between the change in the 
number of predation incidents occurring before and after 
treatment in the 2 types of treatments where coyotes were 
removed. 
Collectively, treatments involving removal of adult 
coyotes and/or their pups were documented in 40 trials. In 31 of 
the 40 trials (78%), killing was stopped immediately, while 
depredations were terminated in all cases 3 days following 
treatment. 
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Table 2. Seven day predation sequences and numbers of sheep killed by 
day, pre and posttreatment periods, 1980 and 1981. 
llo removal (control) 
Remove 2 adults & pups 
Remove pups only 
Past-treatment 
7654321Xl234567 
2 1 
2 
l l 2 2 
2 1 1 2 
l l 2 
2 3 2 2 
2 2 2 2 l 2 
1 l 2 1 1 
2 2 3 2 2 1 
3 2 l 2 2 l 2 
1 2 2 2 3 2 2 
l 2 l l l l l l 2 
2 2 2 2 2 2 
l 1 l 3 l l 
2 
2 2 2 l 
2 1 2 2 l l 
2 
l 
2 l 2 
2 2 l 1 
2 
1 2 2 2 
2 2 
l 1 1 2 
2 3 2 2 
1 2 
2 l l 1 
2 2 
l l 2 l 2 
1 2 2 l 
l l l 
l 2 2 
l 
2 2 2 3 
l l 1 
2 2 2 
2 l 2 
2 2 2 
2 2 2 
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Biological Data 
Multi~e and simple linear regression revealed few 
significant relationships between depredation frequencies and 
several biological parameters (Table 3). Litter size, age of 
pups and the distance between kill sites and the den appeared to 
have little influence upon the total number of sheep killed, or 
the rate at which they were killed. 
The densities of dens (Figure 2) where adults and/or pups 
were removed ranged from i den/117.1 km2 in 1980 (n=ll) to 1 
den/110.4 kmiin 1981 (n=l9). These figures must be evaluated 
carefully. There were 15 dens (9 in 1980 and 6 in 1981) of 
depredating coyotes that served as controls. The locations of 
these dens were suspected, though not verified, so they do not 
enter into density calculations. In addition, evidence suggested 
other dens (i.e. of non-offending adults) in the study area. I 
suspect double these densities would still be conservative. In 
any case, · these densities are substantially higher than those 
reported by Young and Jackson (1951). The average distance from 
t he site of depredations to the den was 3.25 km, with a range of 
<l km to 10 km. 
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Table 3. Relationships between depredations and various biological 
parameters (Pearson correlation coefftcients) for removal treatments, 
1980 and 1981. 
Pues & Adults (n•l5) 
Female a~ ~ Littersize Distance Incidents 
Ki 11 s 0. 121 0.002 0.173 -0 .039 0. 837a 
Inc idents 0.054 0.007 0.069 -0 . 112 
Rate 0. 169 -0 .032 0.241 0. 013 
Distance 
-0.018 0.326 
-0 . 301 
Lit tersize 0. 152 
-0 .023 
Pup ar,e 0. 11:5 
Pues onll (n•lS) 
I,>_uo use Littersize Distance Incidents 
Ki 11 s 0. 105 -0. 101 0. 589b 0.439b 
Incidents 
-0. l 97 0. 129 0. 352c 
Rate 0 .300 -0.263 0 .244 
Uistanc e 0.221 0. 498b 
L itt ers "ize 0.0 79 
~~~~.lli. 
~~ lli._t~ i~ Di stance Incidents 
r. ill s 0 .042 0.073 0. 159 0.6 88a 
Incid ents 
-0.094 0. 086 0.068 
Rate 0. 146 0.009 0. 125 
Dis tarce 0.263 -0.032 
a - p•0 .000 
Littersi ;ze 0.029 b - p~0.05 
C - p•0.099 
Page 15 
R.8 :--3W_._ -,r--- ___ R._8,2_W_;_. _ ___ R.8.1W. . R.~. . 
-j-~. 0 Den~1lao - - - T.25N 
• J 
•1 
I 
I 
• 
. ...... 
• 
• Dens 1981 
I 
f-- l O km --j 
0 
--: ~t-- --l,,;;::----i----:;,--~:---+--------t---+ T. 24N . 
,__;,--:.t--v---~ I • 
.~ \l 
• 
• 
0 
0 
0 
• 
0 
• 
--- -------,-- --=-- -=---=--.,.,,,--+-~~-- -- f-------+- T.22N 
. ! 
I 
T.211" 
I 
'lri, ~ j ... ,.,. 80 
I 
I 0 
I 
Figure 2. Locations of known coyote dens on study area in Carbon County, 
Wyoming, 1980 (n=ll) and 1981 (n=l9). 
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Litter size (x=6.3, range 4-11) was similar to that 
reported by Young and Dobyns (1945), Hamlett (1938) and U.S. 
Fish and Wildlife Service (1978a). Pups at approximately 2 weeks 
of age averaged 0.91 kg, which is similar to weights reported by 
Gier (1968), and higher than those reported by Hallett (1977) and 
Bekoff and Jamieson (1975). The age of pups removed during 
treatments averaged 26 days, with a range of 2 to 49 days. 
Animal remains were found at 77% of the dens examined (Table 4). 
Adult coyote weights ranged from 9.1 kg to 12.7 kg 
(x=l0.9) among females, and 11.4 kg to 18.2 kg (x=13.6) among 
males. Tooth wear estimates of age suggested ranges of 1-6 years 
(x=2.9) for females and 2-6 years (x=3.7) for males. Sheep 
remains were found in 9 of 31 (29%) of adult stomach samples 
(Table 4). 
Cost-effectiveness Analysis 
The average salary for a USDI (Animal Damage Control) den 
hunter in Wyoming is $1020.00/month, with $650.00/month in 
expenses (F. Christensen 1982 pers.comm.). Expenses include 
· vehicle maintenance and gasoline, per diem and miscellaneous 
items such as horse rental. Therefore, a cost of $1670.00/month 
will be used in this analysis. Field personnel are generally 
involved in den hunting from 15 April until 1 July (2.5 months or 
75 days). Total expenses are calculated as : $1670.00 x 2.5 
months x 2 years= $8350.00. 
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Table 4. Animal remains found at dens, and stomach samples of offending 
adult coyotes, 1980 and 1981. 
Animal remains at or near den (n=30} 
* No. % 
Sheep or lamb 8 27 
Cottontail rabbit 8 27 
Sage grouse 4 13 
Sheep carrion 3 10 
Misc. carrion 3 10 
Jackrabbit 2 7 
Mi SC. birds 2 7 
t1i SC. rodents l 3 
Adult coyote skin 1 3 
Adult stomach contents {n=31} 
* No. % 
Sheep or lamb 9 29 
Cottontail rabbit 3 10 
Sage grouse 1 3 
Misc. carrion 1 3 
Jackrabbit 1 3 
Misc. rodents 6 19 
Empty 2 6 
Grass 3 
* Frequency occurrence 
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During the 2 field seasons, 40 dens of depredating coyotes 
were located and removed in approximately 5 months field time 
over 2 seasons for an average of 0.27 dens/day, or roughly 2 
dens/week (assuming den hunting is conducted on weekends). 
Lamb prices fluctuate depending on market conditions and 
other factors. The lamb market in 1981 was severely depressed. 
Therefore, a 5-year (1977-1981) average probably represents a 
more realistic and accurate price for lambs. Exact prices are 
variable, but it seems reasonable to use the 5-year average of 
$57.74/cwt for fat lambs marketed in October as the average value 
of lambs lost to coyotes. This of course assumes that 
coyote-killed lambs would survive to shipping; however, as 
acknowledged in assumption (4), this possible overestimation of 
values is probably outweighed by other factors. Given that a 
value of $57.74/lamb is reasonable, and that total expenses 
incurred amount to $8350.00, the following fonnulae should 
estimate when the program becomes cost-effective. The average 
expense to locate and remove 1 den of offending coyotes was 
$8350.00/40 = $208.75~ This average divided by the average value 
of 1 lamb should estimate the number of lambs it would be 
necessary to save to recover costs (on a per den basis) 
208.75/57.75 = 3. 62 lambs. The average number of lambs killed 
per week is calculated as the total number of kills observed in 
the pre and post control treatment, plus all pretreatment kills 
observed in removal treatments, divided by the number of "den 
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weeks" {i.e. 7 day predation sequences attributable to 1 den), 
or 345/70 = 4.93. I am assuming that an average of 4.93 lambs 
would be killed in an average 7 day period by adults to feed pups 
from 1 den. The determination of a time period when costs are 
recovered is calculated by dividing the average number of lambs 
required to break even (3.62) by the average number of lambs 
killed/week {4.93), which equals 0.73 weeks. Provided these 
rates of predation and den removal are reasonable, only (0.73)(7) 
= 5. 1 days are necessary to recover costs. 
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DISCUSSION 
It is possible that adult coyotes initiate and continue 
depredations upon domestic sheep during the pup-rearing season as 
a means of maximizing their hunting efficiency. Royama (1970) 
implied that one way in which predators may do this is to feed 
young more 11profitable 11 prey items than they consume themselves. 
Domestic lambs are possibly the most 11profitable 11 prey items 
available to coyotes at this time of the year, since they are 
abundant, easily preyed upon and larger than most naturel prey. 
Additional credence to the hypothesis that coyotes select for 
11profitable 11 prey when feeding a litter of pups may be gained by 
considering the relatively great distances adult coyotes will 
travel to obtain domestic lambs (Young and Jackson 1951, Lemm 
1973), when less "profitable" (i.e. smaller, less abundant and 
more difficult to capture) prey items are found nearer the den. 
When pups and their attendant energy demands are eliminated, it 
is no longer necessary for adults to maximize hunting efficiency, 
and depredations upon lambs should be less essential. 
These data indicate that the predation behavior displayed 
by coyotes upon domestic sheep can be significantly altered by 
removing only litters of pups. Although depredations sometimes 
continued for 1 to 3 days following pup removal, the eventual 
result (no killing) was similar to that of trials where coyotes 
actually responsible for killing sheep were removed. Possibly 
the unexpected behavioral shift encountered by adults accustomed 
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to provisioning pups necess i tates this adjustment period. The 
immediate cessation of killing in 14 of 15 trials indicates that 
removing offending adults and their pups can be very effective in 
stopping depredations. Removing only litters appears to provide 
nearly the same degree of effectiveness regarding the alleviation 
of depredations, which demonstrates the selectivity and 
effectiveness of such coyote removal treatments. 
Additional adult coyotes are commonly found caring for 
pups (Ryden 1975, Camenzind 1978, Bowen 1982). The occurrance of 
more than 2 adults at a den has frequently been noted by field 
personnel. Possibly an "extra" adult was responsible for the 1 
posttreatment kill noted after removing 2 adults plus pups in l 
trial. Extra adults were observed at 6 (40%) of the dens where 
adults were removed. Since there were no apparent differences in 
kill rates between dens with or dens without "extras", the 
presence of additional adult coyotes was considered negli Bible. 
Learned predatory behavior is another factor which 
influences depredations by coyotes on spring lambing ranges. The 
extent to which this factor governs total losses is speculative, 
since al l adult coyotes raising litters in lambing areas do not 
kill lambs. The predilection of some coyotes for lambs 
encompasses more than a simplified model pertaining to a 
maximization of the available prey resource. 
Predation frequencies (for pre and post control, and pre 
removal treatments) are similar to those reported by field 
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personnel and damage assessment studies. Perhaps more intensive 
monitoring of losses would account for more sheep carcasses; 
whether relationships to information such as litter size and pup 
age would change is not known. No general biological patterns 
emerged regarding the tendency of certain coyotes to kill sheep 
for the purpose of feeding pups. 
Infonnation pertaining to spring coyote densities on 
lambing ranges is not extensive. During this study, the density 
of depredating coyotes• dens averaged at least 1 den/70 km2 , with 
1 area of< 80 km2containing 5 dens in 1981. Whether the ready 
availability of large numbers of domestic lambs resulted in a 
high density of coyote dens is conjectural. It must be 
emphasized that these densities are minimal spring den densities 
of depredating coyotes; total coyote density was not estimated. 
From these data , it would be di ffi cult to 11profil e11 an 
offending adult coyote with any assurance that it would differ 
morphologically from a coyote living in the area but not killing 
sheep. Adult weights and ages appear to be well within 
population ranges. Three crippled (peg-leg) coyotes were 
observed as offending adults. However, the data do not indicate 
that these coyotes were behaviorally different (as suggested by 
Sperry 1939) regarding depredations upon sheep. 
Some evidence of non man-related coyote mortality was 
encountered during each field season. An extremely white-furred 
pup was found dead 1 km from a den containing 7 healthy siblings 
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(Trial 102). A necropsy of the dead pup showed no physical 
damage or aberration. Camenzind (1978) suspected the destruction 
of pups by adult coyotes from neighboring territories. I did not 
observe this phenomena; however, control personnel have reported 
remains of dead coyote pups at dens. Intra-litter strife may 
result in coyote pup mortality (Hallet 1977), and it is possible 
that an unmeasured amount of mortality among coyote pups occurred 
during this study. At one den (Trial 112), a 5x4 cm piece of 
fresh adult coyote skin was found. Both adults collected here 
appeared normal. The extent of "natural" mortality and its 
importance in this area is unknown. 
Cost-benefit Analysis 
Most predator losses occurred prior to docking, when the 
first accurate count of range-born lambs is made. Since it is 
virtually impossible to account for all lambs born on the range 
(Tigner and Larson 1977), the percent of each bands' lamb crop 
lost to coyotes was not estimated; only confirmed coyote kills 
documented prior to and following each trial enter into 
calculations. Damage assessment workers (Bowns 1976, Nass 1977) 
concurred on the difficulty in locating all mortalities. 
Klebenow and McAdoo (1976) stated that were it not for their 
efforts in monitoring losses, sheepherders would have found less 
than half of the losses that occured. One author (Nesse 1973) 
felt that actual predator losses were 1.5 times as numerous as 
those located. Another possible source of error in calculations 
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of total losses is related to the propensity of some coyotes to 
carry pieces of food items to the den. Consequently, additional 
depredations may have occurred that were not documented. 
Adjustments for such inaccuracies were not made. The loss 
figures must be assumed minimal; total predator losses must be 
somewhat greater. 
The cost-effectiveness analysis calculated here is 
short-term, essentially relating the immediate benefits of 
removing offending adults and/or their pups in particular 
predation situations. One could speculate that the duration of 
these predation sequences would continue relatively unabated 
unless the sheep were moved. The energy demands of a litter of 
pups may force some coyotes to turn to livestock as a source of 
food (Boggess et.al. 1980). Since sheep remain for at leas t 
another month on the study area prior to trailing to the summer 
range, the total losses inflicted by a pair of coyotes 
provisioning pups could be severe if control measures were not 
implemented. Although lamb losses to coyotes are generally 
highest in the spring, another major predation period during the 
late summer or early fall has been noted (Klebenow and McAdoo 
1976, Tigner and Larson 1977, Boggess et.al. 1980). Boggess 
et. al . (1980) and others suggest that adult coyotes may turn to 
an easily obtainable food source to meet nutritional demands of 
pups at this time of the year. Field personnel assert that this 
increase is related to learning and developement of sheep-killing 
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behavior in pups. Most southern Wyoming sheep are pastured for a 
short period on or near the lambing ranges following 
transhumance. Lamb losses to coyotes just prior to shipping are 
most damaging financially since the cost of production is nearly 
complete, while returns have yet to be realized. The depredation 
reduction gained by removing a pair of offending coyotes and/or 
their pups from certain areas is potentially many times greater 
than that observed immediately after apprehending the proper 
individual coyotes, although it is yet uncertain whether adults 
lacking pups will initiate depredations in the fall. Long-term 
data sets of predation sequences under these circumstances are 
non-exi stant. 
Other possible assumptions which warrant consideration 
include husbandry practices and experience of control personnel o 
This analysis assumes that sheepherders tend bands of sheep 
lambing on the open range. It assumes that they are relatively 
cooperative, since the greatest benefit in depredation reduction 
can be gained when control measures are instituted as soon as 
possible after killing begins. Bands of sheep not under 
supervision may sustain heavy predator losses before control can 
be initiated. Another important factor in this analysis is the 
experience of the control personnel. As Young and Dobyns (1945) 
state, "the most important qualifications of a den hunter are 
keen observation, persistence, and familiarity with the habits of 
coyotes. 11 These data indicate that denning is cost-effective 
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under conditions encountered in the study. Den hunting was 
conducted by an experienced trapper who was familar with the 
study area. He was assisted by dogs trained to locate dens and 
adult coyotes. Depredation rates observed in this research are 
not extraordinary; therefore, the major factor influencing the 
short period required to recover costs is possibly the experience 
of the den hunter. To assume that denning is cost-effective in 
all conditions probably is inappropriate. 
Wagner (1972) states that some data suggest depredations 
are reduced following generalized coyote population reduction. 
However, he continues 11the evidence on total sheep losses shows 
little, if any, correlation with coyote population density, and 
the use of control measures which reduce that density . " Denning 
is considered by some (including Gier 1968) to be a means of 
coyote population reduction, though others doubt this (U.S. Fish 
and Wildlife Service 1978a). When considering relatively small 
areas such as lambing ranges, however, it is possible that pup 
removal may effect a temporary population reduction. Importantly 
here is the concept that the proximate factor behind depredations 
may be diminished. If a population reduction through denning of 
offending family groups extends past normal lamb shipping dates , 
a fall predation peak may not occur. The effect of such reduced 
densities on the more mobile part of adjacent coyote populations 
has not been measured, but removing only pups may reduce fall 
depredations significantly. 
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Since this research indicates that depredations upon 
domestic sheep can be alleviated by removing litters from 
offending adult coyotes, one might wonder about situations where 
no pups are born. Coyotes are territorial around a den 
(Camenzind 1978, Bowen 1982); whether they remain so if pups are 
removed or if the female fails to conceive after a pair bond is 
formed and a territory established is not knovm. Theoretically, 
without pups, depredations caused by coyotes should be minimal 
during the spring. If coyotes lacking pups will still defend a 
territory to the exclusion of others, it is interesting to 
speculate about the efficacy of controlling depredations on areas 
of chronic depredations, such as lambing ranges, by sterilization 
of resident adult coyotes . 
The contention that it is better not to remove 
non-offending coyotes from 1 ivestock areas rather than have them 
replaced by other coyotes th at may or may not cause problems has 
been mentioned by some coyote management biologists (Boggess 
et.al. 1980). As demonstrated by this study, the status of 
effendi ng adults can be changed by removing their pups in the 
spring. The permanency of that new status is a question for 
further research. 
The scope of the predator-prey interaction between coyotes 
and domestic sheep is beyond this paper; however, it appears that 
when dealing with depredating coyotes on lambing ranges, the 
evidence is persuasive that regardless of prior experience or 
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other factors on the part of the "offenders", attempts to 
maximizing hunting efficiency potentially lead to sheep losses. 
Importantly, this effect can be reversed through selective pup 
removal. If these maximization attempts are indeed the cause 
that leads to the well documented effect in sheep losses, an 
important and selective preventative control method might be 
gained by manipulating the mechanism (cause) which triggers 
depredations. Extensive studies might determine if a long-term 
behavioral change can be effected. This research has documented 
the results of manipulation after the fact, further research 
should probe the efficacy of selectively preventing depredations o 
Future research may provide alternatives to denning in resolving 
coyote depredations, recognizing the need for both livestock 
protection and the aesthetic and economic value of coyotes. 
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APPENDIX 
• 
Table 5. Biological information from dens where 2 adults and their pups were removed, 1980 and 1981. 
Distance Est. 
Trial Date Toeograeh:r: (km) Animal Remains No. Pues ~ Exeosure Notes 
101 4-25-80 cutbank wash l. 6 *sheep 7 3 w 
102 5-16-80 rolling sagchills 3.2 grouse, cottontail 8 42 s Dead pup found 1/2 
lambskin mile away 
103 5-17-80 rocky slope 3.2 cottontail fur&feet 5 28 s 
104 5-29-G0 alkali sink 2.4 cotton ta ii fur 1 35 N 
105 5-29-80 rocky canyon 0.8 sage grouse, *deer, 6 28 s 
*sheep leg 
106 6-09-80 gumbo badlands 9.7 cot ton ta 11 fur 4 28 s 
107 6-14-80 rimrocks l. 6 antelope fawn, cottontail, 4 28 w Wool in pup scats 
lamb skin and bones 
108 6-24-80 rimrocks 6.4 lamb leg bones 7 42 s Pups born 1/2 mile W 
109 4-23-81 rocky canyon 1. 6 cot ton ta ii fur 10 21 E 
110 5-04-81 rolling sagchills 1. 6 •antelope carcass 7 7 E 6-f, 1./f pup 
111 5-09-81 roe ky dra.i l. 6 5 14 N Pups born 1/4 mile E 
112 5-12-81 rocky slope 3.2 lamb lungs&skin, fresh 6 28 E 
adult coyote skin 
113 5-14-81 rocky draw 4.8 cottontail fur, *deer 6 28 N 
114 5-20-81 tall sage cutbank 3.2 cot ton tail fur 7 35 N Pups born 1 mile SW 
\J 
Al 
115 5-29-81 rocky slope l.G mannot, lambsk·in 
lO 
6 1.~2 E (D 
w 
w 
*carrion 
Table 6. Biological information from dens where only pups were removed, 1980 and 1981. 
Distance Est. 
Trial Oat_!!. Topography ~ Animal Rema_ins_ ~o. Pup2_ ~ Exposure Notes 
40 1 5-04-CQ rocky slope 1. 6 5 14 E 1; 2 jackr abb it 
402 S-06-G0 rocky slope 1 . 6 *antelope carcass 5 35 s fl. crippled 
403 G-16-80 ta 11 sage dra1·: 1. 6 jackrabbit leg 6 35 t large ,1' (?) crippled 
404 4-18-81 cutbank ,-,ash 4. 8 sa ge grouse feather 6 2 ... I in hole 
-105 4-26-81 rolling sage hills 4 . 8 la rnb le gsijai, 3 14 
.;05 5-05-81 rocky dra1·1 3.2 6 2r. :,.' f. in hole 
~')7 5-06-81 rocky draiv 1. 6 4 7 ;: 
'08 5-10-81 roc~yhill J .2 saJc )rou se feathers 7 21 
,09 5-1 8-81 rolling sage hills 4 . R 6 21 
'10 5-23-el rocky draw 3.2 7 28 ,, ,, 
411 5-31-81 rocky slope 1. 6 flicker feathers, 5 42 :i 
*sheep bone 
412 6-01-81 rolling sage hills 3.2 6 14 :.J no 1,ole 
· 413 6-05-81 rocky drai, 1. 6 lamb legs 8 14 :. 
414 6-08-31 rocky slope 6.4 magpie feathers 7 42 s 
"'O 
OJ 
415 6-18-81 tall sage draw 6.4 jaclrabbit leg, lamb 7 ~9 [ lO (t) 
w 
~ 
*carrion 
Table 7. Biological information from offending adult coyotes, 1980 and 1981. 
Female Male 
Weight Est. uterine Weight Est. 
Tri a 1 Date 
_llill_ ~ Stomach Contents ~~- ~ Ag! __ Stomach Contents !!_otes 
101 ~-25-BC 11. 4 3 1-1001, cartilJ9e 7 11.4 3 wool f in den, ,I' miss in; 
~I 2" below elbow 
102 5-16-30 11. ~ 5 valley pocket gopher 8 15. 9 5 1 missing RH foot 
above pad 
103 5-17-30 11. 4 2 5 11. 4 2 lambskin 1 extra seen 
104 5-29-80 9. 1 2 lambskin, meat 7 11. 4 2 rodent 
105 5-29-80 13.6 4 6 18.2 5 rodent, porcupine 6' very fat 
qu il 1 s 
106 6-09-80 9. 1 2 4 11 . 4 3 2 extras seen 
107 6-14- 80 9. 1 2 empty 4 11. 4 2 cottontail f.ir 
106 6-24-80 11. 4 4 meat, wool 7 13.6 4 1 extra seen 
109 4-23-81 11. 4 2 11 13.2 6 I extra seen, ti' 
··,i ss ing RII foot 
110 5-04-Cl 10.9 3 jackrabbit 7 13. 2 3 antelope hair 
111 5-09-81 11. 4 2 ground squirrel 5 13. 6 3 sage grouse chicks 
112 5-12-81 12. 7 G full of heart.lungs, 6 14.5 3 small bones. wool, old1taken here in 
skin of lamb gr~ss 1980 
113 5-14-81 10.4 2 R. ground squirrel 6 12. 7 3 full ~f cottontail 
JU 5-20-81 10.9 7 . 15. 4 cot t ontail 1 extra seen -u 3 empty 3 0, 
(0 
Cl) 
115 5-29-81 11.8 2 ground squirrel 6 16.8 4 l~r,o meat!'.viscera 1 extra "taken w 14.1 1 u, 
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Table 8. Numbers of lambs killed and percent consumed by coyotes, 
1980 and 1981. 
Percent Number Percent 
Consumed of lambs of total 
0 76a 22' 
10% C4V1 se,Ult cJ 
33 
67 
90 
a - includes 4 ewes 
b - includes 2 ewes 
166b 
72 
31 
48 I 
) q I711 (1 'Jj_ 21 
g 
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